In this study we investigated the development of the hypothalamic-pituitary-adrenal (HPA) axis in 21 group-living rhesus monkeys infants that were physically abused by their mothers in the first few months of life and in 21 nonabused controls. Cortisol and adrenocorticotropin hormone (ACTH) responses to a corticotropin-releasing hormone (CRH) challenge were assessed at 6-month intervals during the subjects' first 3 years of life. Abused infants exhibited greater cortisol responses to CRH than controls across the 3 years. Abused infants also exhibited blunted ACTH secretion in response to CRH, especially at 6 months of age. Although there were no significant sex differences in abuse experienced early in life, females showed a greater cortisol response to CRH than males at all ages. There were no significant sex differences in the ACTH response to CRH, or significant interactions between sex and abuse in the ACTH or cortisol response. Our findings suggest that early parental maltreatment results in greater adrenocortical, and possibly also pituitary, responsiveness to challenges later in life. These long-term alterations in neuroendocrine function may be one the mechanisms through which infant abuse results in later psychopathologies. Our study also suggests that there are developmental sex differences in adrenal function that occur irrespective of early stressful experience. The results of this study can enhance our understanding of the long-term effects of child maltreatment as well as our knowledge of the development of the HPA axis in human and nonhuman primates.
Child maltreatment is a major determinant of adult psychopathologies such as clinical depression, anxiety and panic disorders, and posttraumatic stress disorders (Cicchetti & Cohen, 2006) . One of the neuroendocrine systems most likely to be affected by maltreatment is the hypothalamic-pituitary-adrenal (HPA) axis, which plays a major role in the response to stress and regulation of emotions (Glaser, 2000; Nemeroff, 2004; Sanchez, 2006; Teicher et al., 2003) . Some studies have suggested that maltreated children and adolescents show elevated basal cortisol levels and HPA hyperreactivity to challenges (e.g., Bugental, Martorell, & Barraza, 2003; Carrion et al., 2002; Hart, Gunnar, & Cicchetti, 1995 , 1996 Kaufman, 1991; Kaufman et al., 1997; Tarullo & Gunnar, 2006) , whereas adults with a history of childhood maltreatment tend to show basal hypofunctionality of the HPA axis and sensitized responses to psychological stress (Heim et al., 2000; Heim, Newport, Bonsall, Miller, & Nemeroff, 2001; Roy, 2002) . Both maltreated children/adolescents and adults, however, often also suffer from clinical depression or posttraumatic stress disorder (e.g., Yehuda, Halligan, & Grossman, 2001) , which complicates the interpretation of their hormonal profiles.
Our understanding of the neuroendocrine consequences of child maltreatment is constrained by our limited knowledge of the development of the HPA axis in general. Although recent studies have provided data on salivary cortisol concentrations in children of different ages (e.g., Gunnar & Donzella, 2002; Gunnar & Vazquez, 2006) , few or no human studies have collected longitudinal information on HPA axis function and with measures other than salivary cortisol. In addition, because there are sex differences both in the probability of being victims of parental maltreatment and in the risk of developing certain psychopathologies later in life (e.g., Zahn-Waxler, Shirtcliff, & Marceau, 2008) , knowledge of the normal development of the HPA axis in males and females is necessary to understand the mechanisms through which early maltreatment results in later psychopathology. Developmental sex differences in HPA axis function, however, are generally poorly understood. Research with an animal model of child maltreatment can allow us to conduct longitudinal studies of the effects of maltreatment on experimental assessments of HPA axis function and also illustrate the normative patterns of neuroendocrine development in males and females from birth to adulthood.
Child maltreatment is not a uniquely human phenomenon. Among rhesus macaques and other cercopithecine monkeys living in large captive groups, 5-10% of all infants born in a given year are physically abused by their mothers (Maestripieri & Carroll, 1998; Maestripieri, Wallen & Carroll, 1997) . In rhesus macaques, abusive mothers may drag their infants by their tail or leg, or throw them in the air. Abuse bouts last only a few seconds and the rest of the time abusive mothers show competent patterns of maternal behavior. Unlike humans, in which child physical maltreatment is often accompanied by neglect, in rhesus macaques abuse and neglect do not occur together, and are displayed by individuals with different characteristics (e.g., neglectful mothers tend to be very young or very old, whereas abuse occurs regardless of the mother's age). Abuse is most frequent in the first month of infant life and rare or nonexistent after the third month, when infants are more independent from their mothers (Maestripieri, 1998) . Rhesus mothers can give birth once a year, and abusive mothers generally maltreat all of their infants with similar rates and patterns of behavior (Maestripieri, Tomaszycki, & Carroll, 1999) . The contributions of infant behavior to the occurrence of abuse are negligible, whereas abusive behavior appears to be a stable maternal trait that is transmitted across generations, from mothers to daughters. As a result, it is concentrated in particular families and absent in others (Maestripieri & Carroll, 1998) . Cross-fostering experiments demonstrated that early experience plays an important role in the intergenerational transmission of infant abuse (Maestripieri, 2005) . Experience may include both social learning and long-term alterations of neurobiological systems regulating emotions and behavior. For example, cross-fostered and noncross-fostered infants reared by highly rejecting and abusive mothers have lower cerebrospinal fluid (CSF) concentrations of the serotonin metabolite 5-hydroxyindoleacetic acid (5-HIAA) in their first 3 years of life than females reared by control mothers (Maestripieri, Higley, Lindell, Newman, McCormack, & Sanchez, 2006; . Approximately half of the females abused early in life exhibit abusive parenting with their first-born offspring (Maestripieri, 2005) , and those who do so have lower CSF concentrations of 5-HIAA than those who do not Maestripieri, Lindell, & Higley, 2007) . Although behavioral data suggest that abusive mothers are highly anxious and hyperresponsive to stress, probably as a result of their early experience (Maestripieri, 1994; McCormack, Sanchez, Bardi, & Maestripieri, 2006; Troisi & D'Amato, 1991) , no study to date has investigated the effects of early infant abuse on the development in HPA function in rhesus monkeys or other primates.
In this study, we investigated the development of HPA axis function in abused and nonabused rhesus monkeys during the first 3 years of life. HPA function was assessed at 6-month intervals by measuring cortisol and adrenocorticotropin hormone (ACTH) responses to administration of exogenous corticotropin-releasing hormone (CRH). In previous studies, maltreated children showed blunted ACTH secretion in response to the CRH challenge, whereas cortisol secretion was normal or elevated (De Bellis et al., 1994; Kaufman et al., 1993 ; but see Kaufman et al., 1997) . In this study, we also investigated sex differences in hormonal responses to the challenge. Such sex differences could result from variation in the amount of abuse experienced early in life or could represent differences in neuroendocrine function between males and females, which occur regardless of early experience.
Method

Subjects
Subjects were 42 rhesus monkey infants living in large social groups at the Field Station of the Yerkes National Primate Research Center in Lawrenceville, Georgia. The groups were housed in 38Â38 m outdoor compounds with indoor housing areas. They consisted of 20-50 adult females with their immature offspring and two to five unrelated adult males. All groups had a stable matrilineal structure and a linear dominance hierarchy. Female dominance ranks were assessed using data on unidirectional aggression and submission collected during previous studies.
Twenty-one infants (9 males, 12 females) were reared by multiparous mothers with a history of abusive parenting, whereas 21 of them (9 males, 12 females) were reared by nonabusive controls. The abusive mothers used in this study had been observed in previous years and their abusive behavior had been documented (Maestripieri, 1998; Maestripieri et al., 1999) . Only mothers whose frequency and severity of abuse did not jeopardize their infant's life were used. These abusive mothers were typically consistent in the frequency and severity with which they abused offspring born in successive years (Maestripieri et al., 1999) . Control mothers were multiparous females without a history of abusive parenting who had with similar characteristics (e.g., age, parity, dominance rank, and infant sex) as the abusive mothers, and who gave birth in the same time period and in the same social groups as the abusive mothers.
Procedures
Behavioral data collection. All 42 infants were studied longitudinally, in their own social groups, from birth to 36 months of age. Infants and their mothers were focally observed in 30-min sessions, 5 times per week during the first month of life, 2 times per week during the second month of life, and 1 time per week from the third month through the end of the study. All behavioral data were converted into mean hourly rates of behavior per month for the purposes of data analysis. The three observers who collected the data were tested for reliability prior to the beginning of data collection. Analysis of the behavioral data focused on hourly rates of maternal abuse. Infant abuse was operationally defined as (see Maestripieri, 1998; Troisi & D'Amato, 1991) : dragging: the mother drags her infant by its tail or leg while walking or running; crushing: the mother pushes her infant on the ground with both hands; rough grooming: the mother forces her infant onto the ground, and pulls out the infant's hair with force causing distress calls; throwing: the mother throws her infant a short distance with one hand while standing or walking; hitting: the mother violently slaps her infant with one hand or arm; biting: common definition; stepping or sitting on: the mother steps on her infant with one foot or both feet, or sits on her infant; abusive carrying: the mother carries the infant with one arm away from her body, preventing the infant from clinging. Abuse events did not last more than a few seconds, and therefore only their frequency was recorded.
Training and capture procedures. Study subjects were trained for capture to accelerate this process and minimize arousal. Animals are trained to move on command from the outdoor corral into an indoor capture unit, from this to a transfer box, and from the box to a squeeze cage, where blood samples can be collected. Training is done using positive reinforcement and following guidelines and protocols approved by the Emory University IACUC. Infants less than 12 months of age are typically carried into the cage by their mothers and then separated from them. However, they learn the training procedure during their first year of life so that, in subsequent years, they can be captured without their mothers and with the same procedure used for the adults. Previous work has shown that infants who have experienced these procedures exhibit no alterations in normal development (Wilson, Gordon, & Collins, 1986) . Once in the cage, subjects are anesthetized and their blood is collected within ,10 min from the time the monkeys see the experimenters approach their outdoor compound. Under these conditions, elevations in plasma cortisol concentrations are minimal or nonexistent (e.g., Blank, Gordon, & Wilson, 1983) . Circulating ACTH, however, rises more quickly than cortisol in response to environmental perturbations, making it difficult to obtain basal measures of plasma ACTH in group-living monkeys, even when they are trained for capture.
CRH challenge. When the subjects were 6, 12, 18, 24, 30, and 36 months old, their ACTH and cortisol responses to a CRH challenge were assessed at 6-month intervals. Subjects were immediately anesthetized after transfer to the squeeze cage with an intramuscular (i.m.) injection of Telazol (5 mg/kg). A basal blood sample was taken (0 min) by femoral venipuncture to assess prechallenge cortisol and ACTH plasma concentrations. An intravenous (i.v.) bolus of r/h CRH (50 mg/kg) or a vehicle solution (10 mM acetic acid/sterile 0.9% saline) was administered into the saphenous vein of the animal. Additional blood samples (1 ml) were taken from the femoral vein at 15, 30, and 60 min after the i.v. infusion, to analyze ACTH and/or cortisol responses to the treatment. Only one pharmacological challenge was done per week per animal, following a within-subject, repeated measures, counterbalanced design for drug order, and each animal serving as its own vehicle control to compare with the responses to the drug. A Telazol supplement (5 mg/kg, i.m.) was rarely needed to maintain animals sedated to complete testing, and this factor was considered in the data analysis. Upon recovery from anesthesia each subject was returned to its social group. These protocols have been previously validated in rhesus monkeys and humans, including studies in our own laboratory. The procedures were done in the early morning (at sunrise) according to published protocols for studies of HPA diurnal rhythms in macaques (Sanchez et al., 2005) . Because the animals live under natural lighting conditions, sunrise times were obtained from charts published by the US Naval Observatory to use the daylight, and not the clock time, as a reference. This is important because of the acute stimulatory effect of awakening and light on cortisol secretion in the early morning (Scheer & Buijs, 1999) . The study was done during the same season for all experimental groups, to control for circannual differences in HPA axis activity. Experimental procedures were always performed prior to the animals being fed to avoid meal-induced HPA axis activation. Our choice to do the studies in the early morning, instead of the afternoon (when highest HPA responses would be expected because of reduced inhibition of the system), was based on the need to minimize arousal because animals in these groups are accustomed to routine procedures in the early morning. This choice is also supported by previous evidence that childhood maltreatment and orphanage rearing result in low early morning cortisol levels in children near what should be the peak of the circadian cycle (Gunnar & Fisher, 2006) , and that adverse rearing experiences result in similar effects in developing rhesus monkeys (Boyce, Champoux, Suomi, & Gunnar, 1995; Sanchez et al., 2005) . The response to the CRH challenge was assessed while the animals were under anesthesia to minimize the stress associated with repeated handling and blood sampling after the drug injection. Administration of saline solution was used to control for the possible effects of anesthesia and blood drawing procedures on the hormonal variables of interest. Although we analyzed the effects of sex and abuse on the prechallenge (basal) hormone concentrations, the investigation of the development of basal HPA axis activity in our subjects is beyond the scope of this paper. A comprehensive analysis of developmental changes in plasma cortisol levels under basal conditions and in response to stress in abused and nonabused infants (with a different set of data obtained while the subjects were not anesthetized) is presented elsewhere (Sanchez et al., unpublished data) .
Hormonal assays. Blood samples were collected in prechilled polypropylene tubes containing EDTA and immediately placed on ice. Plasma was separated by centrifugation at 1000 Â g for 10 min at 4ºC and then aliquoted and stored at -80ºC until assayed. Plasma concentrations of cortisol were assayed in duplicate 10-ml aliquots by radioimmunoassay using commercially available kits (Diagnostic Systems Lab, Webster, TX). The sensitivity of this assay was 1.25 mg/dl and intra-and interassay coefficients of variation in each assay were ,10%. ACTH plasma levels were assayed in duplicate 200-ml aliquots by a two-site IRMA method using commercial kits (Nichols Institute Diagnostics, San Juan Capistrano, CA). The sensitivity of the assay was 1 pg/ml and inter-and intraassay coefficients of variation were ,6%.
Data analyses. Sex differences and age effects on the frequency of infant abuse were analyzed with a mixed design analysis of variance (ANOVA), with sex being the fixed factor and age the repeated measure. Differences between abused and control infants, and between male and female infants, in their prechallenge hormone concentrations or in the hormonal responses to the challenge were analyzed with mixed design ANOVAs, with age as a repeated measure. We used 2 Â 2 ANOVAs to assess possible interactions between sex and early experience on the hormonal responses to the challenge. The Pearson's correlation coefficient was used for correlations. Whenever data were not normally distributed, analyses were conducted with log transformed data. All tests are twotailed and p .05 was considered statistically significant.
Results
Early maternal abuse
All infants reared by abusive mothers were abused by them, whereas none of the infants reared by the control mothers was abused. Infant abuse was most frequent in the first month of life and virtually disappeared after the third month. Abuse resulted in infant distress behavior and superficial scratches or bruises. No abused subject in this study suffered injuries that required the intervention of a veterinarian. Figure 1 illustrates the mean rates of abuse per hour experienced by male and female infants in the first 3 months of life. A repeated measures ANOVA revealed a significant effect of age, F (2, 38) ¼ 4.49, p ¼ .01, but no significant sex difference in abuse, F (1, 38) ¼ 1.38, p ¼ .25, or a significant interaction between age and sex, F (2, 38) ¼ 0.02, p ¼ .97. Figure 2a illustrates the plasma cortisol concentrations measured in the baseline sample and in the samples obtained 15, 30, and 60 min after the baseline sample at the ages of 6, 12, 18, 24, 30, and 36 months in all subjects and controls. There was a significant effect of age on baseline cortisol, F (5, 200) ¼ 18.4, p , .0001, but no main effect of sex, F (1, 500) ¼ 0.19, p ¼ .66, or a significant interaction between age and sex, As depicted in Figure 2a , plasma cortisol concentrations increased following the administration of exogenous CRH, whereas they decreased following the injection of saline solution. The post-CRH increase and the postsaline decrease in cortisol were especially apparent in the samples obtained 30 and 60 min after the baseline sample. The cortisol concentrations measured 30 and 60 min after the baseline were highly positively correlated for both the post-CRH and the postsaline data (most coefficients of correlations were ..70, with probabilities of ,.0001). All subsequent analyses of cortisol concentrations measured after 30 and 60 min produced similar results. Therefore, to avoid redundancy, only the results concerning the 30-min cortisol responses will be shown. Because sex and abuse did not affect baseline cortisol, the difference between post-CRH and baseline cortisol provides a good measure of the cortisol response to CRH without the need for controlling for differences in the baseline (if the difference between post-CRH cortisol and postsaline cortisol is used as a measure of cortisol response to CRH, the results of all analyses are very similar). However, because age significantly affected baseline cortisol, this variable was taken into consideration in subsequent analyses.
Effects of sex and abuse on cortisol responses to the CRH challenge
Sex had a significant main effect on the cortisol response to CRH, F (1, 200) ¼ 6.14, p ¼ .01, with females showing higher responses than males across the six ages (Fig. 2b ). There were no significant effects of age, responses than controls across the six ages (Fig. 2b ). There were no significant interactions between abuse and age, F (5, 200) ¼ 0.79, p ¼ .55. Possible interactions between the effects of sex and abuse on the cortisol response were analyzed separately at each age with 2Â2 factorial ANOVAs. There were no significant interactions between these variables at any age. As illustrated in Figure 2b , male controls had the lowest cortisol response to CRH, male abused subjects had comparable responses to those of female controls, and female abused subjects showed the highest cortisol responses to CRH across all ages. Among abused subjects, there was no significant correlation between the average hourly rates of abuse experienced in the first 3 months of life and the cortisol response to CRH at any of the six ages (all coefficients of correlation are nonsignificant). Subjects reared by mothers of high and low dominance rank did not differ significantly in their cortisol responses to CRH at any of the six ages (all t tests are nonsignificant).
Effects of sex and abuse on the ACTH response to the CRH challenge Figure 3a illustrates the plasma ACTH concentrations measured in the baseline sample and in the samples obtained 15, 30, and 60 min after the baseline sample at the ages of 6, 12, 18, 24, 30, and 36 months in all subjects and controls. Results at 18 months of age were obtained with less than half the subjects and controls because of technical problems with experimental procedures. Because of this, data at 18 months of age were excluded from subsequent analyses. At all ages, the plasma concentration of ACTH in the baseline sample was high because of the stress of capture. There was a significant effect of age on baseline ACTH, F (4, 160) ¼ 3.36, p ¼ .01, but no main effect of sex, F (1, 160) ¼ 0.03, p ¼ .86, or a significant interaction between age and sex, F (4, 160) ¼ 1.35, p ¼ .25. There was no significant main effect of abuse on basal ACTH, F (4, 160) ¼ 2.38, p ¼ .13, or a significant interaction between abuse and age, F (4, 160) ¼ 1.60, p ¼ .17. Neither sex nor abuse had significant effects on ACTH levels measured after the injection of saline solution across the five ages (repeated measures ANOVAs; all tests are nonsignificant).
As depicted in Figure 3b , plasma ACTH concentrations decreased markedly after the injection of saline solution, whereas they decreased less markedly or remained fairly stable following the administration of CRH. This pattern suggests that anesthesia decreased dramatically the high concentrations of ACTH resulting from capture stress, and that the administration of CRH delayed or suppressed this decrease of ACTH. The concentrations of ACTH in samples obtained 30 and 60 min were highly positively correlated, for both the post-CRH and the postsaline samples. Therefore, as with cortisol, we present only the results of analyses conducted with ACTH data obtained 30 min following the baseline. The difference between the ACTH concentrations measured at the baseline and those measured 30 min following CRH was considered the ACTH response to CRH (if the difference between post-CRH ACTH and postsaline ACTH is used as a measure of the ACTH response to CRH, all results are very similar).
There were no significant effects of sex or age on the ACTH response to CRH: sex, F (1, 160) ¼ 0.07, p ¼ .79; age, F (4, 160) ¼ 2.21; p ¼ .07, or a significant interaction between these variables, F (4, 160) ¼ 0.76, p ¼ .55. There was, however, a significant main effect of abuse on the ACTH response to CRH, F (1, 160) ¼ 3.98, p ¼ .05, as well as a significant interaction between abuse and age, F (4, 160) ¼ 2.66, p ¼ .03. Abused subjects showed a greater reduction in ACTH levels following CRH than controls. As illustrated in Figure 3b , this difference was particularly marked at 6 months of age (although there also seems to be a sex difference at this age, it is not significant), but minimal or nonexistent at subsequent ages. Among abused subjects, there was no significant correlation between the average hourly rates of abuse experienced in the first 3 months of life and the ACTH response to CRH at 6 months or later ages (all coefficients of correlation are nonsignificant). Subjects reared by mother of high and low dominance rank did not differ significantly in their ACTH responses to CRH at any of the six ages (all t tests are nonsignificant).
Discussion
Rhesus monkey infants reared by mothers with a history of abusive parenting were abused by them with a frequency of approximately 1.5 events per hour in their first month of life. Abuse was less frequent in the second month, and in most cases ended in the third month. Although the frequency of abuse appeared to be higher for female than for male infants, this difference was not statistically significant. A lack of significant difference in the frequencies of abuse experienced by male and female infants was also reported by previous studies, some of which used a much larger sample size (e.g., Maestripieri & Carroll, 1998; Maestripieri et al., 1997) .
The administration of exogenous CRH resulted in an increase in plasma cortisol concentrations, and this cortisol response was greater among abused subjects than among controls, regardless of sex and age. Thus, a greater cortisol response to CRH in abused subjects was observed in both males and females and at all ages considered in this study, namely, when the subjects were 6, 12, 18, 24, 30, and 36 months old. There was also a significant difference between abused and nonabused subjects in the ACTH response to CRH, but this difference was mostly observed at 6 months of age. Our subjects showed elevated plasma ACTH in their prechallenge sample, presumably because of the capture procedure, and the CRH administration delayed or suppressed the ACTH decrease while the subjects were under anesthesia. Abused subjects showed a greater reduction in ACTH following CRH administration than controls did, suggesting that they showed blunted ACTH secretion post-CRH administration.
Taken together, these results suggest that the stressful (both physically and psychologically) experience of being abused early in life resulted in both short-and long-term alterations in HPA function. The greater cortisol responses to CRH observed in the abused subjects are consistent with the results of many animal and human studies showing that individuals who are exposed to traumatic stress early in life exhibit later HPA hyperreactivity to challenges (for a review, see Gunnar & Quevedo, 2007) . Blunted ACTH responses to a CRH challenge have also been observed in abused children (De Bellis et al., 1994; Kaufman et al., 1993) as well as in adults suffering from clinical depression (e.g., Holsboer, Gerkin, Stalla, & Muller, 1987) . Another study reported enhanced, rather than blunted, ACTH response to the CRH challenge in abused children, but this finding was limited to children living under conditions of chronic ongoing adversity (e.g., continued abuse and family violence, poverty, and lack of social support; Kaufman et al., 1997) . The blunted ACTH response observed in the abused monkey infants may be due to rapid negative feedback glucocorticoid inhibition, which normally inhibits the secretion of ACTH when there is a rapid increase in circulating cortisol, or to a dysfunction of the mechanisms that regulate the anterior pituitary's response to hypothalamic CRH.
In previous work conducted with cross-fostered subjects we demonstrated that hypofunction of the brain serotonergic system resulting from early exposure to abusive and rejecting maternal behavior may be one of the physiological mechanisms underlying the relation between early experience and later psychopathologies . Hyperresponsiveness of the HPA axis to exogenous stimulation may be another mechanism underlying the effects of early abuse on adult behavior and physiology. For example, high cortisol release in response to potentially risky situations involving infants (Maestripieri, 1993 (Maestripieri, , 1994 (Maestripieri, , 1995 may interfere with maternal behavior and trigger abuse.
In addition to documenting effects of abuse on the cortisol and ACTH responses to CRH, in the present study we also found sex differences in endocrine responsiveness. Specifically, female subjects, both abused and nonabused, exhibited higher cortisol responses to the CRH challenge than males did across the six ages, whereas there was no significant sex difference in the ACTH response. An early study of rhesus macaques reported higher cortisol responses to exogenous ACTH in females than in males (Bowman & Wolf, 1969) and several subsequent studies reported higher cortisol responses to various types of stressful challenges in females than in males (e.g., Clarke, 1993; Gust, Gordon, & Hambright, 1993; Meyer & Bowman 1972; Scallet, Suomi, & Bowman, 1981) . In humans, there is some evidence that females have lower basal levels of ACTH and a higher ratio of cortisol to ACTH production rate than males, suggesting that the female adrenal cortex is more responsive to ACTH than its male counterpart (Born, Ditschumeit, Schreiber, Dodt, & Fehm, 1995; Roelfsema et al., 1993) . Explanations for the previously reported sex differences in HPA axis function in human and nonhuman primates have implicated the influence of female gonadal hormones on HPA axis function (Scallet et al., 1981) . The current study, however, shows that some sex differences are already present long before puberty.
Taken together, the results of this study contribute to our understanding of the long-term consequences of child maltreatment and the neuroendocrine mechanisms through which this early traumatic experience may result in later psychopathologies.
They also contribute to our understanding of the normal development of the HPA axis, including sex differences in adrenocortical responsiveness. Further research should address the exact mechanisms through which infant abuse alters ACTH and cortisol secretion in response to challenges, as well as the functional implications of sex differences in neuroendocrine function.
